Background: A recent study reported that some patients with diabetes who fast overnight for laboratory tests are at risk of developing hypoglycemia, which could occur while patients are in risky situations which could result in harm to patients or others. Due to limitation in study design of the aforementioned study, the causes of hypoglycemia could not be elucidated. Objective: To better understand fasting-evoked en route hypoglycemia in diabetes (FEEHD), a recently recognized overlooked safety problem in diabetes management. Methods and Patients: A recent study reported that some patients with diabetes who fast overnight for laboratory tests are at risk of developing hypoglycemia, which could occur while patients are in risky situations which could result in harm to patients or others. Due to limitation in study design of the aforementioned study, the causes of hypoglycemia could not be elucidated. We undertook this retrospective case series study, which enrolled 4 consecutive cases of fasting hypoglycemia in patients with diabetes who were on diverse antidiabetic medications. The study duration was June 1, 2010 to June 1, 2012. Results: The 4 cases (3 women, 1 man), with either type 1 or type 2 diabetes, revealed multiple defects in either the patients' knowledge and education regarding preparation for lab tests requiring fasting. The degree of hypoglycemia ranged from mild (65 mg/dl) to severe (31 mg/dl), and the events were either mildly symptomatic or asymptomatic. The possible causes of, and contributing factors to hypoglycemia are discussed, and recommendations for preventive measures are provided. Conclusion: Some patients with diabetes who fast for lab tests are at risk of hypoglycemia, and there seems to be an overall lack of proper education of patients with diabetes about this form of hypoglycemia. This overlooked problem can be prevented by proper education and preparation.
Introduction
Hypoglycemia is the major limiting factor towards achieving optimal control of hyperglycemia in patients with diabetes, which accounts for significant mortality and morbidity [1] . Recent literature [2] [3] [4] [5] has uncovered an overlooked cause of iatrogenic hypoglycemia in patients with diabetes, which is overnight fasting for laboratory tests, which we will refer to as fasting-evoked en route hypoglycemia in diabetes (FEEHD). A fatal case report of FEEHD has been recently published [2, 3] .
In the first case report on FEEHD, retrieved upon an extensive literature search, Wiwanitkit described a fatal case of hypoglycemia in a patient who was taking sulfonylurea. However, this case report was briefly mentioned in 2 letters [2, 3] and did not provide detailed description, other than that the patient was waiting in the laboratory for a lab test, while fasting, when she had a sudden cardiac arrest, and could not be resuscitated, and that the cause of death was severe hypoglycemia, with blood glucose of 0 (zero) mg/dl.
In the only study published to address FEEHD, Aldasouqi et al. [4] reported that some of their patients with both type 1 (T1DM) and type 2 diabetes (T2DM) developed hypoglycemia when they fasted overnight for laboratory tests. In that study, the authors reported that the hypoglycemia observed was variable in symptoms and in severity, with glucose as low as 31 mg/dl in one incident. The impetus for the study [4] was that such patients would be at risk of harm (to themselves or to others) should their hypoglycemia rapidly progress while driving en route, to and from the laboratory facilities.
However, due to limitations in the design of the aforementioned retrospective pilot study (related to reliance on patients' remote recollection), the authors could not evaluate the circumstances or etiologies contributing to the reported hypoglycemic incidents. The authors reported new preventive measures that they implemented in their practice [4] . In a follow up study recently presented at a national endocrinology annual meeting in the USA [5] , the same authors reported significant reduction of FEEHD, which they attributed to increased awareness of the problem and the implementation of the prevention program.
Becoming aware of the aforementioned new observation, and in a different clinical setting (the Sparrow Diabetes Center (SDC) of Sparrow Hospital, Lansing, Michigan, affiliated with Michigan State University (MSU), East Lansing, Michigan, USA), we developed similar preventive measures. This preventive program was implemented after undertaking an internal quality improvement audit, which confirmed the occurrence of FEEHD in patients attending the SDC and MSU endocrinology clinics (unpublished data). At the same time, we began to carefully evaluate any subsequent incidental cases of FEEHD. Given this advantage of capturing such events upon occurrence, we were able to accurately document the cases with recording of all possible related circumstances that could contribute to this form of hypoglycemia. Furthermore, we were also able to provide immediate evaluation and management of such case upon occurrence.
In this case series, we describe 4 cases of FEEHD that were captured recently, where it was feasible to obtain detailed case description. This retrospective case series study was not designed to evaluate the prevalence or frequency of FEEHD. The study was approved by the Institutional Review Boards of MSU and Sparrow Hospital. The study duration was June 1, 2010 to June 1, 2012.
Case Presentations
In this report, we describe the demographical, clinical and laboratory findings of 4 consecutive cases, recently encountered at our diabetes and endocrine clinics. In this case study, we were able to evaluate the cases more precisely, given recent event occurrence (3 cases) and/or patients' vivid recollection of the hypoglycemic incidents (1 case).
The 4 cases of hypoglycemia reported herein were carefully analyzed, in regards to the circumstances surrounding the hypoglycemic episodes that were confirmed by the laboratory. The patients were able to give details about the hypoglycemic events. The cases are described in in Tables 1 and 2. All the lab tests were obtained in the morning after overnight fasting, and the original order was for lipid profile, or other lab orders including chemistry. The following is further analysis of the cases, in respect to the hypoglycemic episodes:
Case 1:
This patient had new onset T1DM. She was obviously insulin sensitive (thin, active), with frequent hypoglycemic episodes on the regimen, since her discharge, about 3 weeks prior to her office visit. She was referred to our diabetes clinic after a recent hospitalization, and was on Glargine 20 units at night, and Aspart pre-meal 3 -4 units. In view of the hypoglycemic episodes, her Glargine and Aspart doses were empirically reduced to 12 and 2, respectively, with adjustment of pre-meal insulin according to meals and correction requirements, and she was instructed about detection and treatment of hypoglycemia. She also received full diabetes education during the consultation office visit, but this did not include instructions about fasting labs, although a fasting lab order was issued and given to her upon discharge from the clinic. The 12-hours overnight fasting was for the purpose of a lipid test.
She went for the lab a week later. She took the night dose of Glargine, but she did not take the short-acting insulin since she knew she should not take it without eating on the morning of the test… On the day of the test, her fasting blood sugar (FBS) was 78 mg/dl (6:30 AM), before she left to the lab and she was feeling well, and thus she thought she would be safe to drive to the lab. Later, and while she was in the lab, she had hypoglycemic symptoms. Soon afterwards, she managed to drive to a nearby restaurant and had a breakfast, after which she felt better.
Case 2:
This woman with T2DM was referred for a thyroid problem. During her office visit, the hypoglycemic result was noted on her forwarded lab tests (from 2 weeks prior). This was further evaluated, and it was noted that she was on Glyburide, which she usually took in the evening, and also did so before the lab test. The patient stated she was not told previously to take the Glyburide in the morning.
Case 3:
Despite a 33-year history of T2DM, this retired, educated man stated that he had never been educated on the concept of skipping insulin in the morning, when fasting overnight for lab tests. This represents a clear gap in diabetes education, although he reported attending classes over the years, and considered himself well-educated in diabetes self-management. Obviously, he was completely asymptomatic despite the severe degree of his hypoglycemia (31 mg/dl). From prior similar hypoglycemic lab reports (that he and his health providers had been aware of) over the years, he has learned to carry snacks in the car, so he will eat immediately after the lab draws.
Case 4:
This patient with T2DM of long-duration was not asked to fast for the morning blood tests, but she volun- e. To avoid all types of insulin in the AM while fasting: This may be a problem in T1DM taking AM basal insulin, due to concerns about hyperglycemic crisis. Individualization is advisable. Short-acting insulin certainly should be skipped.
f. Patients should cut the night dose of basal insulin by 10% -30%. This should also be individualized.
g. Similarly insulin pump basal rate should be reduced by 10% -30% during the fasting period. This should also be individualized.
PM doses of Sulfonylureas should be held the night before, and certainly AM doses should be deferred on the morning of the lab test until fasting is completed.
Discussion
This study has uniquely captured a series of 4 cases that encompass a diverse range of demographic and clinical circumstances which could cover most possible factors potentially related to hypoglycemia in diabetes: Age, gender, medications, co-morbidities, hypoglycemia unawareness, and other factors related to diabetes education (or lack thereof) by patients or healthcare professionals. The common denominator is the overnight fasting. While hypoglycemia of diabetes is a well-described topic in the medical literature, this form of hypoglycemia, FEEHD, that we have recently recognized [4, 5] has not been addressed prior. While it could be argued that patients with diabetes may ultimately have hypoglycemia whether or not they fast for lab tests, the main concern about the potential seriousness of FEEHD is that patients may be at higher risks than other forms of hypoglycemia, as explained below.
The prevalence or seriousness of FEEHD is not known. Despite the paucity of relevant literature, a fatal case has been documented in the literature, as recently reported by Wiwanitkit [2, 3] . However, more literature about diabetes-associated hypoglycemia (in general) is emerging, which is concerning. A recent national survey of 2530 participants [6] has indicated that many patients with diabetes remained uneducated about the risks of hypoglycemia. The survey highlighted why hypoglycemia may be a more serious health hazard than previously reported, as patients indicated they often had hypoglycemia while working or driving. We believe that FEEHD is a strikingly overlooked problem, overall, and that patients with diabetes are not properly educated about it. Patients with diabetes may undergo fasting for various purposes, and guidelines are available in the literature for such purposes, such as overnight fasting for surgical and diagnostic procedures [7] [8] [9] , and fasting for the purpose of religious observance [10, 11] .
Such guidelines addressing FEEHD are lacking in the medical literature on diabetes and diabetes education. It is prudent to include this education piece in discussions with patients with diabetes, by their clinicians, nurses, educators, and pharmacists. Stemming from lack of awareness about FEEHD, it is customary for clinicians to "routinely" order lipid profiles with an average of 8 -12 hours of fasting, without giving patients instructions regarding glucose monitoring or adjustment of anti-diabetic medications, in anticipation of fasting.
The unique situation about FEEHD as compared to other scenarios of hypoglycemia is that patients may develop serious hypoglycemia while en route to lab facilities, either going into the facility, or rushing out to have a meal after phlebotomy. To practice adherence, the patients may feel obliged to continue fasting, even if they feel symptoms-since they were given a (strict) order for fasting. Case 4 in this series illustrates such extreme adherence to fasting, which goes beyond labs traditionally requiring fasting (e.g., lipid profiles) to labs not requiring fasting (chemistry), and even without being asked to fast. If patients have hypoglycemia unawareness, or if the phlebotomy is delayed further, due to patients' or facility's reasons, the risk of hypoglycemia will be higher and the resulting harm more significant. It can be conceived that the risk of hypoglycemia when fasting for lab tests could be worse than fasting for surgical or diagnostic procedures.
The reason why we believe that FEEHD is potentially worse than the other known fasting circumstances (e.g. surgery) is that patients are presumably educated on proper preparation, and would be presumably well-monitored during surgery. In contrast, patients who develop FEEHD could be in hazardous environmental circumstances. This scenario is potentially serious. If hypoglycemia is severe while patients are driving en-route to and from lab facilities, this can result in harm to the patient or others if it causes traffic accidents [6, 7] .
People without diabetes can tolerate prolonged periods of fasting without hypoglycemia [10] [11] [12] [13] [14] [15] [16] , provided they have normal physiological homeostasis. During fasting, the body goes into 3 metabolic phases [15] : post-absorbtive, gluconeogenic and protein conserving. For people to tolerate fasting, beyond the usual 8 hours of overnight sleep, the body's ability to withstand prolonged fasting requires basic physiological defensive mechanisms (barriers) that should protect the body against hypoglycemia, which include gradual reduction in insulin levels towards the nadir, and variable increases in glucagon, epinephrine, cortisol and growth hormone [15] [16] [17] . These protective counter-regulatory mechanisms can be impaired in significant numbers of patients with diabetes, especially in patients with advanced or complicated diabetes [15, 17] . With continued insulin availability (native, via insulin secretagouges or exogenous), the continued physiologic insulin action will prevent optimal glucose release from the liver. All of this coupled with waning hepatic glycolgen stores upon prolonged fasting (12 hours or more), the risk of hypoglycemia is heightened in certain patients with diabetes upon fasting.
Since the issue of FEEHD has not been addressed in the literature, we evaluated in this case series the circumstances that could (hypothetically) contribute to hypoglycemia in our patients, which accentuated the effect of skipping their breakfast. It has been noted that the development of hypoglycemia is almost inevitable in any patient with diabetes who is on treatment, at one point. In this regard, Fowler used an interesting phrase to underscore this observation [17] , by stating that "Hypoglycemia in many ways is the Achilles heel of diabetes treatment". Any anti-diabetic medication can potentially cause hypoglycemia, but insulin and secretagouges, certainly are the usual culprits in clinical practice.
In case 1, we hypothesize that lingering levels of basal insulin in the face of waning hepatic glucose stores upon fasting could have caused hypoglycemia. Obviously, while the bed-time dosing of Glargine resulted in reasonable FBS around the usual time of her breakfast, the continued fasting thereafter precipitated the hypoglycemic episode; her usual breakfast time is 4:30 AM. However, she thought that her sugar was fine before she left home (78 mg/dl). It is conceivable thus that additional fasting beyond her usual breakfast time, of (about 3.5 hours) precipitated her hypoglycemic episode.
Basal insulins theoretically are not supposed to have peak effects, and are supposed to provide stable low levels of insulin, and hence the concept of being a (basal insulin), and thus the projected lowered incidence of hypoglycemia. This was tested clinically in 15 patients with T1DM taking a basal insulin, during an 18 hours period of fasting [18] , with only 2 minor hypoglycemic events. However, the aforementioned study cohort was carefully selected-unlike in real life situations (advanced age, variable degrees of glycemic control, insulin dosing, level of education, presence of co-morbidities, etc.). Therefore, it is hard to extrapolate the conclusions from this small study on basal insulins to the general population.
In case 2, we hypothesize that Glyburide, which is a long-acting sulfonylurea (SU), is expected to have lingering, but significant effects through the next day, when given at night. We thus hypothesized that the secretagogue effect of Glyburide continued to pour more insulin into the blood stream in the face of waning glucose release from the liver upon fasting.
In case 3, the cause of hypoglycemia is the effects of both basal and rapid action insulin taken in the morning of the test, while fasting. The educational gap, as discussed earlier, is the main culprit as the etiology of his hypoglycemia. The patient has obvious hypoglycemia unawareness (asymptomatic despite glucose of 31 mg/dl).
And finally, in case 4, it is hypothesized that the fasting hypoglycemia was caused by lingering effects of Glargine, taken the night before. Intriguely, this case illustrates the religious adherence by patients to the (doctor's order) of fasting for lab tests. The patient was not required to fast, and the lab order did not include lipid profile which is the usual test for which clinicians insist on the fasting prerequisite. But the patient volunteered to fast on her own. We even have anecdotally observed few other patients coming fasting to their diabetic follow up visit, in case the doctor would need a fasting test! Given the aforementioned diverse circumstances and patients' characteristics, we believe that this case series encompasses the various major circumstances that could contribute to FEEHD, These cases reveal multiple defects in diabetes education, and at many levels, ranging from patients to some members of the healthcare personnel, including diabetes educators, nurses and clinicians. While this case series describes circumstances noticed in our patient population, we believe these circumstances may apply universally to patients with diabetes; however, we can not ascertain that and further research by other investigators is warranted.
Finally, we believe that if patients with diabetes who are requested to fast for lab tests are educated adequately and prepared properly, the risk of FEEHD can be reduced or eliminated.
Conclusion
In conclusion, this case series suggests multiple educational defects in diabetes management that may result in FEEHD, an overlooked and serious safety problem in patients with T1DM and T2DM, and patients should be better educated about this piece of diabetes education.
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